Methods: ApolipoproteinA-contents of plasma HDL subclasses were quantified by 2-dimensional gel electrophoresis associated with immunodetection in 504 Chinese subjects. Results: Compared with subjects in the lowest tertile of the apoC group, the contents of pre 1-HDL, HDL3b, and HDL3a were significantly higher than HDL2a and HDL2b in subjects in the middle and highest tertiles of the apoC group. Moreover, regardless of whether apoB100 increased, pre 1-HDL contents increased, but HDL2b fell when apoC rose while, at any apoC levels, HDL2b rose with the elevation of apoA-. Additionally, a reduction in pre 1-HDL (from 131.9 to 90.6 mg/L) but an increase in HDL2b (from 269.1 to 382.7 mg/L) with a rise in the apoC /C value (between 0.8 and 5.6) were also observed. Conclusion: The particle size of HDL become smaller with the increase of apoC levels, implying that the efficiency of reverse cholesterol transport (RCT) was impaired and blocked the maturation of HDL. ApoC might be an independent factor affecting the distribution of HDL subclasses. Further, the apoC /C ratio correlated with the size of HDL particles.
Introduction
The negative correlation between coronary heart disease (CHD) 1) and high density lipoprotein (HDL)cholesterol [1] [2] [3] has been found to be at least as powerful as the association between CHD and all other known risk factors 4) . The cardioprotective effect of HDL has been largely attributed to its role in reverse cholesterol transport (RCT), in which cholesterol that has been synthesized or deposited in peripheral tissues is returned to the liver for either recycling or excretion HDL and HDL3c, 3b, 3a, 2a, 2b by 2-dimensional polyacrylamide gel electrophoresis. It has been well documented that, following this sequence, HDL metabolism matures gradually [11] [12] [13] [14] .
We have investigated the relationship between plasma lipids together with their ratios and HDL subclass distribution by 2-dimensional gel electrophesis associated with immunodection. Our findings showed that the particle size of HDL become smaller with the rise of plasma TG levels, total cholesterol (TC), low density lipoprotein-cholesterol (LDL-C) levels, and TG/HDL-C along with TC/HDL-C ratios, or the fall of HDL-C levels. Meanwhile, data from our previous works 15, 16) showed that the contents of small pre 1-HDL increased more obviously, whereas large HDL2 decreased greatly with a rise in apoB100 and a fall in apoA-, implying that the alterations of apoA-and apoB100 concentrations have distinct influence on HDL subclass distribution. In the present study, we have focused our attention on the effects of changes in apoC levels, a major apolipoprotein component of very low density lipoprotein (VLDL), and on the role of HDL as a reservoir for apoC , which could provide better understanding of the processes of apoprotein-lipoprotein interactions.
Subjects and Methods

Subjects
Five hundred and four subjects (311 men; mean age, 56.3 8.4 years; 193 women; mean age, 56.7 9.5 years) were recruited to participate in a study examining plasma lipid and apolipoprotein concentrations at West China Medical Center, Sichuan University. The study protocol was approved by an ethics committee and all subjects gave informed consent. Exclusion criteria included the following: (1) presence of nephrosis, diabetes mellitus, hypothyroidism, hepatic impairment; (2) occurrence of a major cardiovascular event (myocardial infarction, severe or unstable angina pectoris, surgery), stroke; (3) taking lipid-altering medications in the previous month; (4) consuming alcohol, taking any medication, and smoking cigarettes in the previous week before the study.
To investigate the impact of apoC concentrations on the distribution of HDL subclasses, we divided apoC into tertiles. The apoC concentration was entered as a categorical variable with 3 levels. Firstly, apoC was arranged in ascending sequence based on its concentrations and subjects 1 to 168 were defined as the lowest tertile of the apoC group (apoC range, 11 − 46 mg/L); subjects 169 to 336 were designated as the middle tertile (apoC range, 47 − 74 mg/L); and subjects 337 to 504 were designated as the highest tertile (apoC range, 75 − 198 mg/L).
Moreover, to explore the combined effect of apoC and apoB100, as well as apoC and apoAon HDL subclass distribution these subjects were further tertile subclassified according to apoB100 and apoA-levels. The methods used to classify the levels of apoB100 together with apoA-were the same as those for the levels of apoC .
Specimens
Whole blood specimens were drawn after a 12-hour overnight fast into EDTA-containing tubes. Plasma was separated within 1 − 2 hours. Plasma was stored at 4 and used within 24 hours for lipid and apolipoprotein analyses. An aliquot of plasma was stored at 70 to determine HDL subclasses.
Plasma Lipid and Apolipoprotein Analyses
Plasma TG, TC and HDL-C were measured by standard techniques. TC and TG were determined with enzymatic kits (Beijing Zhongsheng Biotechnological Corporation, Beijing, People's Republic of China). HDL-C was determined after precipitation of the apolipoprotein (apo) B-containing lipoproteins by phosphotungstate/magnesium chloride 17) . LDL-C was calculated using the Friedwald formula (TG 4.52 mmol/L) 18) . When plasma TG was at least 4.52 mmol/L, LDL-C was determined following precipitation with polyvinylsulfate (enzymatic kit). Plasma apoA-, B100, C , and C were determined by radial immunodiffusion methods 19) using kits developed at the Apolipoprotein Research Laboratory, West China Medical Center, Sichuan University. The intraassay coefficient of variation for apolipoprotein concentrations was between 2.1% and 4.8%; interassay coefficient of the variation was 3.5% to 7.9% 20) .
HDL-C Subclass Analyses
ApoA--containing HDL subclasses were measured by nondenaturing 2-dimensional gel electrophoresis associated with an immunodection method as described previously 21) . Briefly, 10 L plasma was first separated by loading to pre and mobility particles on 0.7% agarose gel. In the second dimension, the 2 fractions of HDL were further separated according to size by 2 − 30% nondenaturing polyacrylamide gradient gel electrophoresis. To determine HDL subclasses, Western blotting was conducted after electrophoresis using horseradish peroxidase (HRP)-labeled goat antihuman apoA-immunoglobulinG (IgG). HDL particle sizes were calibrated using a standard curve that included bovine serum albumin, ferritin and thyro-globulin (Pharmacia, Uppsala, Sweden). The calculation of each HDL subclass relative percentage was based on the density of electrophoresis spots. The apoA-contents (milligrams per liter) of HDL subclasses were calculated by multiplying the percentage of each subclass by the plasma total apoA-concentrations. The interassay coefficients of variation of the relative concentration of pre 1-HDL, pre 2-HDL, HDL3c, HDL3b, HDL3a, HDL2a, and HDL2b in plasma sample were 9.4%, 9.8%, 4.9%, 6.2%, 7.3%, 11.1% and 7.9%, respectively (n 5).
Statistical Analysis
All statistical analysis was performed using the statistical package SPSS Version 11.0 (SPSS, Chicago, IL). Data in Tables are expressed as the mean S.D, and in Figures as the mean S.E. Significant differences between 2 groups were analyzed by 1-way analysis of variance. Multivariable stepwise regression analysis was calculated to study correlation between lipids, lipoproteins, and apolipoproteins and HDL subclass distribution. In all comparisons, p 0.05 (2-sided) was regarded as significant.
Results
Concentrations of Plasma Lipids, Apolipoproteins, and ApoA-Contents of HDL Subclasses According to the Levels of ApoC
From the data in Table 1 , we observed a rise in the concentrations of atherogenic lipoprotein parameters (TG, TC, and apoB100), and those of apoC , apoC along with age, and BMI; in contrast, those of anti-atherogenic lipoprotein parameters (HDL-C) and the ratio of apoC /C fell considerably with the elevation of apoC levels.
In comparison with subjects in the lowest tertile of the apoC group, the contents of pre 1-HDL, HDL3b (only in the highest tertile of the apoC group), and HDL3a were significantly higher than HDL2a and HDL2b for subjects in the middle and the highest tertiles of the apoC group. For the HDL subclass profile, subjects in the middle tertile of the apoC group were characterized by decreased pre 1- 
Profile Distribution of Pre 1-HDL and HDL 2b Contents in Accordance with ApoC Together with ApoB100 Levels
Regardless of whether apoC and/or apoB100 levels rose, pre 1-HDL contents clearly increased, whereas those of HDL2b fell significantly; and a com-parison of groups between high apoC -B100 and low apoC -B100 levels demonstrated that subjects with high apoC -B100 levels showed the most noteworthy drop in HDL2b (230.5 65.7 vs. 391.7 100.2) in terms of Fig. 1 .
Changes of Pre 1-HDL and HDL2b Contents Distribution Based on Levels of ApoC and ApoA-
The bar graphs in Fig. 2 revealed the distribution of the pre 1-HDL and HDL2b contents pattern in The graph showed that with an increase in apoC and/or apoA-levels, the contents of pre 1-HDL clearly rose. Furthermore, in the same apoC level group, these was a substantial increase in HDL2b accompanied with a rise in apoA-concentrations; however, in any apoA-levels HDL2b clearly decreased with the elevation of apoC . Fig. 3 shows that concentrations of apoC decreased from 159.2 to 98.7 mg/L, and those of apC decreased from 107.6 to 19.7 mg/L when the ratio of apoC /C rose from 0.8 to 5.6. It is important to point out that the pre 1-HDL contents represented a gradual decline from 131.9 to 90.6 mg/L, but the contents of HDL2b showed a steady upward trend from 269.1 to 382.7mg/L based on the continuous 
Effect of the ApoC /C Ratio Change in ApoA-Contents of Pre 1-HDL and HDL2b
Multiple Stepwise Regression Analysis with the Concentrations of Plasma Lipids, Lipoproteins, Apolipoproteins, and the Contents of HDL Subclasses
To obtain a better understanding of the dependence of the relation between apoC and HDL subclasses on TG, and HDL-C along with apoC , stepwise multivariate regression analyses with the contents of all HDL subclasses as dependent variables, and TG, HDL-C, apoC-, and apoC as independent variables were performed in this work.
The outcomes revealed that TG and apoC concentrations were positively and independently associated with the contents of pre 1-HDL, HDL3c, but negative correlated with those of HDL2a and HDL2b. ApoC was positively correlated with pre 1-HDL, pre 2-HDL, HDL3b, and HDL3a, while these was an inverse association with HDL2a; Moreover, HDL-C was positively related to pre 2-HDL, HDL3c, HDL3b, HDL2a and HDL2b ( Table 2 ).
Discussion
C apolipoproteins of human plasma are small polypeptides that are often portrayed as members of a consistent protein family. These apoproteins comprise 40 to 80% of the total protein of chylomicrons (CM) and VLDL and are present in plasma HDL. After fat ingestion by humans, apoC and lipoprotein lipase (LPL) activator properties are transferred from HDL to CM and newly producted VLDL, with HDL functioning as an apoC reservoir, contributing an activator to potentate TG hydrolysis 22) . As CM or VLDL is catabolized, C apolipoproteins are lost, presumably to HDL, and CM remnants and LDL are formed 23) . Earlier studies have showed that the total absence of apoC or defects in its structure severely hamper the lipolysis of TG-enriched lipoproteins (TRLs), contributing to the development of hypertriglyceridemia in humans 24) . On the other hand, it has been reported that transgenic mice overexpressing human apoC were hypertriglyceridemic 25) , and hypertriglyceridemia is regularly accompanied by a several-fold increase in apoC plasma levels [26] [27] [28] . In comparison with numerous studies of the functional properties of apoC , only modest attention has been paid to the roles of apoC in lipoprotein metabolism. The present work addressed apoC effects on the pattern of HDL subclass distribution.
Current data showed that the contents of pre 1-HDL, HDL3b, and HDL3a rose significantly while those of HDL2a and HDL2b decreased significantly with the rise of apoC levels. ApoC , an apolipoprotein constituent of CM, VLDL, and HDL, stimulates the hydrolysis of lipoprotein TG by LPL 22, 29) . During LPL-mediated hydrolysis of TG-rich lipoproteins, sur- Fig. 3 . Influence of changing the ratio of apoC /C on apoA-contents of pre 1-HDL and HDL2b.
Values are expressed as the mean S.E face lipids and apolipoproteins are transferred to HDL 30) . Subsequent binding of these products to HDL3 results in the formation of HDL2 particles. Moreover, apoC in HDL2 is correlated with LPL activity 31) . As plasma total apoC increases in parallel, the distribution of apoC shifts, with progressive reduction of apoC in plasma HDL. This leads to limited reserves in HDL for the transfer of apoC to VLDL to facilitate the catabolism of newly synthesized VLDL and CM-TG. Although the proportions of total apoC in VLDL increase, LPL activator potency per unit of VLDL apoC progressively falls 27) . Moreover, in vitro high concentrations of apoC have been shown to inhibit LPL activity rather than stimulate it 32) . Consequently, an increase in apoC resulted in the particle size of HDL becoming smaller. We also observed that concentrations of TG in the highest tertile of the apoC group were approximately 3 times greater than those corresponding to the lowest tertile of apoC levels group, which is consistent with the increase of apoC levels. A review of the literature demonstrated that TG levels were inversely related to LPL and lecithin: cholesterol acyltranstransferase (LCAT) actions [33] [34] [35] , and enhanced cholesterol ester transfer protein (CETP) and hepatic triglyceride lipase (HTGL) activities also associated with high plasma TG levels [35] [36] [37] . LCAT may catalyze unspecified cholesterol to CE and promotes the conversion of 36) . CETP-mediated exchange of TG-rich lipoprotein core lipids and HDL-CE resulted in TG-enriched HDL. As excess TG is hydrolyzed in HDL2 by HTGL, the HDL particle size became smaller. Meanwhile, Miyazaki et al. 38) suggested that pre 1-HDL is formed during lipolysis of TRLs, implying that concentrations of elevated TG were another important factor responsible for the reconstitution of HDL subclasses particles. This study was designed to further delineate whether, and to what degree, the size and distribution of HDL particles was affected depending on the relatively change among apoB100, apoA-and apoC . The findings from the present work showed that elevated apoC and/or apoB100 levels and pre 1-HDL contents clearly increased, whereas those of HDL2b fell significantly. It is clear that plasma apoB100 and apoC seem to have cooperative action on the change of various HDL subclass distributions. In contrast, the study also showed that pre 1-HDL increased with the rise of apoA-and apoC levels. At the same time, at any apoC levels, HDL2b elevated markedly with the increase of apoA-, whereas at any apoA-levels, HDL2b clearly decreased with the elevation of apoC levels (Fig. 2) . Our previous investigation showed that the contents of all HDL subclasses increased successively and significantly, particularly an increase in large HDL2b with the rise of apoA- 15) . This evidence in support of the higher levels of apoA-could have reverse properties on the effect of apoC on the reduction of HDL2b. Table 1 shows that with the elevation of apoC or apoC alone, the distribution of HDL subclass phenotype was characterized by the large HDL2b decrease and the small pre 1-HDL increase. With respect to the ratio of apoC /C correlation with HDL subclass distribution, the results showed a consistent trend of increasing HDL2b, whereas a trend of decreasing pre 1-HDL with the rise of apoC /C . Our data suggested that both apoC and apoC levels fell with the ratio of apoC /C . When apoC / C values increased from 0.8 to 5.6, there was an approximately 61% reduction in apoC and a 4-fold reduce in apoC (Fig. 3) . The degree of decrease in apoC was more marked than that in apoC , which resulted in an increased apoC /C ratio. Sasaki et al. 39) demonstrated that high carbohydrate feeding decreased HDL-C and apoA-concentrations and was associated with reduced apoC but increased concentrations of apoC in HDL2. Le et al. 40) illustrated that HDL apoC was highly correlated with HDL apoA-levels. Likewise, Alaupovic 41) found a significant correlation between levels of apoC and CE in HDL. These studies showed that high apoC or low apoC levels were significantly associated with high apoA-and HDL-C concentrations, and the plasma increase in apoA-along with HDL-C favored the generation of large HDL2b 10, 42) . Because apolipoproteins in HDL metabolism are complex, any attempt to explain these observations would be incomplete.
In order to further comprehend the dependence of the relation between apoC and HDL subclasses on TG, and HDL-C along with apoC , stepwise multivariate regression analyses with the contents of all HDL subclasses as dependent variables, and TG, HDL-C, apoC , and apoC as independent variables were performed. The analysis illustrated that the concentrations of TG, HDL-C, and apoC as well as apoC have a significant effect on the distribution of the HDL subclass. Moreover, the levels of apoC showed a better correlation with HDL2b than those of apoC .
We concluded that with the elevation of apoC levels, there was an increase in small HDL particles and a decrease in large HDL particles, which indicaed that the efficiency of RCT was impeded, blocking the maturation of HDL. The levels of apoB100 and apoC appear to have a cooperative effect on the alteration mentioned above. Conversely, higher levels of apoA-could modify the effect of apoC on the reduction of large HDL particles. The ratio of apoC / C was also related to the sizes of HDL particles.
